It is shown that part of the quark masses of the standard model can be generated spontaneously within the strong interactions of QCD. After the breaking of U (N f ) × U (N f ) symmetry by the vacuum, also the resulting flavor symmetric, degenerate meson mass spectrum is shown to be unstable with respect to quantum loops, for rather general models. For a C-degenerate meson spectrum the stable mass spectrum obeys the Okubo-Zweig-Iizuka rule and the approximate equal spacing rule.
From deep inelastic scattering, including the spin problem of the proton, we know that mesons and baryons are not simpleanduark model bound states, but have, in addition to the valence quarks, large components in the form of a multiquarksea and gluons. Thus a constituent quark of the naive quark model must, in fact, be composed of many quarks, antiquarks and gluons. This requires a multichannel formalism, which couplesand multiquark states.
Recently it was shown that one can obtain a good understanding of the light scalar meson nonet [3] when one uses the constraints (i-iv) above provided one includes in a coupled channel framework all light two pseudoscalar thresholds with flavor symmetry broken mainly by the pseudoscalar masses. Similar models for other multiplets also improve our understanding of the hadron spectrum, even for heavy quarks. One good example is the anomalously large Υ(5)-Υ(4) mass splitting [4] , where single channel potential models clearly fail, because of the opening of the BB, BB * etc. thresholds.
In such models one needs a smaller bare m s − m d quark mass term than usual, and this becomes smaller the more hadronic thresholds are included. With sufficient number of higher thresholds (obeying the empirically approximate equal spacing rule) all the SU3 f breaking could be generated by hadronic loops. This opens up the possibility that the bare m s − m d could be put equal zero, and that flavor symmetry breaking could be generated spontaneously, through the self-consistency equations for hadron propagators, which include hadronic thresholds.
The well known Nambu-Jona-Lasinio (NJL) model [1] is a standard reference model for for chiral symmetry breaking and for dynamical symmetry breaking in general. For reviews see Ref. [2] . With a small chiral mass (µ) the well known gap equation for the quark constituent mass (M) becomes
Here Λ is the cutoff and α N JL measures the strength of the four fermion interaction. The gap (an acronym for generalized analytic phase space) function, which enters here is determined entirely by two body phase space with a cutoff. Its imaginary part is given by
where k/ √ s is the usual two-body phase space factor. Denoting as usual the Källén function (x − y − z) 2 − 4yz by λ(x, y, z), and scaling the s and mass variables
. It vanishes below threshold (the first θ function) and for momenta above the cutoff (the second θ function) and the cutoff determines the scale. The real part is determined by the dispersion relation:
The gap function can be evaluated analytically and is simply related (up to subtractions and factors of s in the imaginary part) to the Chew-Mandelstam, and H(s) functions, which also appear in the literature. A more general function is obtained by replacing the cutoff by a (smooth) form factor, F 2 (s), multiplying λ 1/2 (x, y, z) in the imaginary part and in Eq.(2).
The form factor is a function of s only, which vanishes sufficiently fast at infinity. I denote below this more general gap function by gap F (s, m involved. This trace is equal +1 or −1 for an allowed transition, except if i = j = k for which it is 2 when S = +1, and 0 when S = −1. In order to have exact Okubo-ZweigIizuka (OZI) rule also for loops, multiplets of opposite C must be degenerate. Otherwise singlet states are shifted differently from nonsinglet states and quark-line disconnected loops (like φ → ω through strange intermediate states) do not vanish. Here this C-degeneracy is assumed for simplicity, but it will be relaxed in a forthcoming publication, whereby the OZI rule is broken, but the isospin subgroup remains unbroken.
Taking into account these loops, i.e., the vacuum polarization diagrams, the meson spectrum must still be consistent with being degenerate if the symmetry is unbroken. This is possible since also the thresholds m ik + m kj are degenerate in flavor, and when summed over k, each meson ij (using the shorthand q iqj ≡ ij) gets an equal contribution from the vacuum polarization diagrams. Of course to have this result, not only the couplings but also any cutoff, Λ, form factor F (s), or subtraction constant involved must be independent of flavor. This is natural, since the cutoff, or form factor, should be related to crossed channel singularities, which again involve the same degenerate flavor multiplets. I shall assume that these conditions are satisfied. Thus the expression for the self energy, which include quantum loops must be the same for all ij, and also the renormalized masses (which now include "unitarity effects") must be degenerate. Consequently there is one very symmetric situation, where one knows the solution, and our equations must allow for this trivial self-consistent proportional to phase space and the real part is given by a dispersion relation, just as in our gap function above. Thus one has a sum of two gap functions (cf. Fig. 2 )
where γ is related to the overall squared coupling and a linear term is added, which can represent contributions from subtraction constant, a bare meson mass and kinetic term etc. self-consistency equations (cf. Fig. 2 ) can be written:
By construction m 11 is always the solution of P 
Neglecting the β term this is always satisfied for all Λ as shown in 
The coefficients z The most drastic assumption, which was made above was that of the C-degeneracy of multiplets. In the real world this is certainly broken, although on the average there can be an almost equal contribution from thresholds with C A C B C C even and odd. Therefore the OZI rule is approximately valid for most multiplets. As promised, I relax the C-degeneracy in a forthcoming paper using a more realistic model for the ground state mesons, including the pion. Then the OZI rule must be violated by loop diagrams, but the isospin subroup remains unbroken.
Although above the possibility of spontaneous breaking was emphasized, it is of course possible that in the real world the stabilizing term β is big enough to make r < 1. But even then the mechanism presented will be important in enhancing the symmetry breaking,
i.e. a small explicit breaking of flavor symmetry through quark masses in the Lagrangian is enhanced in the hadron spectrum through the quark loops. Certainly some symmetry breaking must come from the electro-weak sector.
Since the present mechanism requires smaller quark masses it may be important in the resolving of the strong CP problem, for which one resolution would require a vanishing quark mass.
There need be no contradiction with standard relations between pseudoscalar masses and usual quark masses [5] , since the usual quark masses are "measured" through these relations.
Including the loop effects discussed here, the scale of the quark masses decreases while B in m 2 (0 −+ ) =B(m q1 +m q2 ) increases. Also in lattice gauge theory [6] one calculates light quark masses, but there one either uses a quenched approximation, or make crude approximations for quark loops. On the other hand in the present work the quark loops play an absolutely crucial role, without which one would certainly not have any spontaneous breaking of the symmetry. Therefore there is no contradiction with present lattice calculations.
Finally it should be pointed out that this work does revive old ideas from the 60'ies and 70'ies where one hoped to bootstrap the hadron spectrum through self-consistency equations [7] . With vanishing β it could looked upon this way, but I do find the model with small but finite β conceptually simpler to understand and being in better accord with present day understanding of strong interactions.
I thank especially Masud Chaichian and Claus Montonen for useful discussions. Fig. 1 . The slope of the curve at the origin is given by r, which is always > 1 for all Λ (Fig. 3) . The symmetric point of equal quark masses is unstable (like the massless point in Fig. 1 ), while the stable solution has unequal masses. 
